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5 Claims.
The present invention relates to the regulation
of fluid flow and more particularly to improved
flow regulator valves and systems for the parallel
operation of a plurality of fluid motors.

In fluid actuating systems wherein a plurahty’ '

‘of motors operate a number of sebarate devices,
it is frequently desirable that the devices move
in synchronism, or substantially simultaneously.

Where the motors are loaded to equal extents
it is usually possible to provide suitable actuating

‘motors and a fluid system which will cause the
devices to be moved simultaneously.. Where the

individual loads on each of the actuating motors;.

however, differ to. any extent, the most heavily
loaded device usually lags behind those which are

(CL 137—509)
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“Fig, Iv.i;s avschemat}ic diagram of an improved

‘more lightly loaded. The present invention 1§

accordingly more partlcularly directed to the pro-
. vision of improved flow regulator valves and sys=
tems for maintaining the synchronized operation
of such multiple actuation cylinders or motors.
" It is therefore a primary object of this inven-
tion to provide, an improved regulator valve for
~a multiple motor system which-will regula,te the
flow of fluid to each motor in such manner that
-~ they are each moved in unison regardless of the
-individual load imposed on the respective cyl-
inders. A further object of the present invention
resides in the provision of g regulator valve Wwhich
is reasonably produced, is compact and foolproof
in construction and operation, and whlch requlres
relatively. little mamtenance and servicing.” A
* still further object ‘of the present ‘invention - is
‘the provision of an lmproved hydraulic system

utilizing a plurality of improved regulator Valves'

in conjunction with the parallel operation of a
plurality of actuating cylinders for the synchro-
nized movement of individually varying loads It
it a still further object to provide such an im=
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hydraulic. system embodying the flow regulator
valves of .the present invention;
Fig. 2"is a perspective cross-sectional view of

_'the 1mproved flow regulator valves shown in the

system in'Fig. 1; and

Fig. 3 is.a’ cross-sectlonal view of a modlﬁed
form of flow regulator valve.
_ Referring now to the system shown in Fig. 1,
the numeral § indicates a reservoir for the storage

.of a.liguid, oil or other suitable hydraulic fluid
to be ‘u‘tilized in the actuating system. The reser-
voir § is preferably provided with a filler connec-
tion and vent (not shown) and with an outlet

connectlon to the suctmn 51de of the pump 6

driven by the mbotor 1. The pump 6 discharges

the hydraulic fluid at a suitably high pressure into
the pressure regulator valve 8 which preferably
ig set to. mamtam the desired operating pressure.
The fluid, passmg through the regulator valve 8,

‘discharges into the ‘main pressure ling 9, and in
the event the pressure delivered to this pressure

regulator exceeds the predetermined system pres-

sure, @ portion of ‘the fluid is returnd through
the by-pass connection 10 into the return line

18, through which it ﬂows back into the res-
ervoir 5.
The: mam pressure 11ne 8 flows to the directional

}'control or distributihg valve || which is so ported
that it can be manually operated to cause the

pressure flow froni the line 9 to be open to the

- pressure line 14, while at the same timé providing

proved hydraulic system utilizing the novel flow )

regulator valve of the present invention,in which
the valves may be set for a given working pres-
sure to be used within the system and the ac-
tuating motors will operate in synchronism’ de=
spite .a variation in the loads which may be
applied to them. Still further objectives of the
present invention reside in the. improved con-
struction of the valves per se as well ag in their
particular relationship to the actuating cylinders
and the other elements of the unproved operatmg
system.,

Other objects and advantages of the present
invention will occur to those skilled in the art
after reading the present description taken to-

gether with the accompanymg drawmgs formmg :

) part hereof, in which:
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5. mentmned return {3 to the reservoir 5.

o ﬂuld commumca.tmn from the return line 23 to-

the: refurn’ line 12, which is opened to the afore-
Alter-
natwely, the dlstrlbutmg valve -1l may be.ad-
justed to the. posmon in which the ports between
the lines 12 and 14 are in communication, and
the pressure from the line 9 is caused to flow into
the line 23, for the reverse operation of the sys-
tem ‘In the position in which the valve 11 is set
in-Fig. 1, the. ports for ‘the conduits-9 and 14 are
in commumcatmn for pressure flow into the line
14, and.the ports for the conduits 12 and 23 are
in commumcatmn for return flow to the res-
ervoir 5.. .
. The pressure line M is prov1ded with a branch
communication for the initial flow regulator valve
l5 and the- contmuatmn of the pressure line 14
commumcates with a second and like flow regu-
lator valve 6. The fluid outlet of the first flow
regulator valve 15 communicates through .the
conduit {7 with the lower end of the actuating
cyhnder 19, and similarly the outlet of the second
vdlve 16 communicates by means of the conduit
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{8 with the actuating cylinder or motor 20. It
will be understoed that the fluid actuating cyl-
inders 19 and 20 are of the type in which a piston
is fixed at the lower end of the respective piston
rods 24 and 25 and that the respective cylinders
- are provided with fluid connections 21 and 22 on
the opposite or upper sides of the respective pis-
tons. Loads. 26 and 27 are shown applied at the
upper ends of the piston rods 24 and 25 of the
respective actuating motors 19 and 20, and the
load 21 is of the order of several times that repre-
sented by the numeral 26.

In a conventional constant pressure hydraulic
system combining two or more identical actuating

cylinders, such as 18 and 20, oppoesed in their ]

movements by different loads such as 26 and 21,
the least- loaded cylinder {9 would travel the

extent of its stroke at @ much higher rate of speed-

than the more heavily loaded cylinder 20. Such
differential in the rates of travel between the
pistons within the cylinders 19 and 20'is caused
by the back pressure created by the lighter load
26 which is appreciably less than the back pres-
sure created by the heavier load 21. This irregu-
larity in the movement of the respective loads, or
the differential in piston ftravel, is corrected by
the inclusion in the respective pressure branches
of the improved regulator control valves I5
and. 16.

These volume or flow regulator control valves
{5 and 1§, which are described below in .detail
in conjunction with the description of Figs. 2 and
3, consist essentially .of a variable orifice restric-
tor needle valve in which the orifice area in a
diaphragm is controlled by a tapered pin of the
needle valve. The loads on the respective hy-
draulic pistons .create back pressures which act
upon these needle valves causing them to become
displaced so that the orifice areas become en-
larged, thereby regulating the volume or flow on
the theory that the flow through an orifice in
cubic inches, or other volume per minute, de-
pénds primarily upon the area of the orifice and
the difference in pressure on the opposite sides
of the orifice.  Accordingly, by means of the flow
regulator valves 15 and 16, when the distributing
valve is operated such that the pressure within
the conduit 9 flows into the line 14, the pistons
within the respective cylinders (9 and 20 move
outwardly or upwardly at precisely the same
rate, despite the fact that one is loaded several
times more than the other. For the purposes of
explanation and 51mp11ﬁcat1on the system in Fig.
1 is inténded to move the loads upwardly only
at the same rate of speed, and in the event it 'is
desired that the pistons also operate in the reverse
direction simultaneously, it will be necessary to
add similar flow control valves 28 and 29 where
indicated by the dotted lines in the conduits 21
and 22, respectively.
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A preferred form of the flow regulating valves

15 and 16, of the system shown in Fig. 1 is shown
in detail in the cross section in Fig. 2. This valve
has a main body or cylindrical portion 30 into
one end of which a further eylindrical body por-
tion 3f of somewhat lesser diameter is threadedly
engaged at 32. The opposite end of the main
body 35 is internally threaded to provide an out-
1et port or connection 33 and a cylindrical cham-
ber portion 30¢ is formed between the threaded
ends 32 and 33. The main body 30 is also pro-
vided with a laterally or upwardly facing thread-
ed inlet 34 and an inlet aperture 35 engageable
respectively by the needle valve fitting 36 and
the needle valve 37. - The oufer terminal of the
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fitting 36 is internally threaded at 38 to provide
an inlet connection and the adjacent chamber
has transversely fitted therein an orificed di-
aphragm 39 within which the needle portion 40
of the valve 371 is adapted to move in an axial
direction. The main cylindrical portion of the
needle valve 37 is provided with a longitudinal
port or-passage 41 and the inner end of the valve

is cenieally formied as at 42.

Within the chamber portion 38¢ of the main

walve body 29 there is provided a conic cam ele-

ment 43 affixed to one terminal of a piston rod
44, to the ether end of which there is fixed the
piston 48 provided with a hydraulic seal 46. The

conic cam- 43 -is provided with peripheral ports

471 which permit fluid pressure to flow past the
conic cam 43 into either end of the chamber 38a,
whereby this fluid pressure may be exerted upon
the piston 45 which is reciprocally mounted for
axial movement within the cylindrical bore 3ia
of the cylindrical housing 31. Outward move-
ment of the piston 45 under this pressure is op-

posed by a compression spring 48 disposed with-

in ‘the cylinder 3ia, the outer end of which is
closed by a plug 49 which also serves as an ad-
justment means for varying the compression of
the spring 48 to the predetermined resistance
whieh it is desired be opposed to the fluid pres-
sure within the main chamber 36a. The cylinder
31 is provided with a suitable bleed or relief
aperture 340 to permit relief of pressures which
may be developed within the cylinder 3fa by
movement of the piston 4% therein. A suitable
detent or stop (not shown) is preferably inter-
posed in the path of the piston 45 to prevent its
inadvertent emergence from within the hore 31a.

The operation of the valve {§ shown in Fig. 2
is as follows:

The fluid under pressure enters the inlet port
28 pdssing through the orifice between the di-
aphragm 39 and the conic needle valve por-
tion 49, thence through the port or passageway
41 in the cylindrical valve portion 3T and into
the main valve chamber 38a, from whence it is
permitted to pass outwardly through the valve
outlet 33 to the hydrauliec cylinder or motor {9,
or other actuating means. In the actuation of
the cylinder 19, or other power means, a back
pressure is developed by the load opposed to the
working cylinder. This back pressure is dis-
tributed through the ports 47 in the conic cam
43 .in such manner that the back pressure be-
comes equalized at both ends of the main cham-
ber 38a. Such back pressure is accordingly
exerted upon the end face of the piston &5 caus-
ing it to be displaced outwardly against the re-
sistance of the compression spring 48 and due
to the interconnection of the piston 45 with the
cam 43, through the intermediacy of the con-
necting piston rod 44, the conic cam 43 moves
outwardly to g similar extent. Inasmuch as the
conic end 42 of the needle valve 37 is maintained
in contact with the conic cam face 43 as the re-
sult of the inward flow from the pressure line
connected at 38 into the chamber 38a, the needle
valve 37 will be caused to move inwardly into
the chamber 30a as the cam 43 is moved away
from the outlet 33 by this back pressure. As the
needle valve 37 is-acted upon by the differential
in the pressures at the orifice in the diaphragm
35 its displacement, in order to accommodate the
new position of the conical cam 43, will cause an
increase in the area of the annular opening with-
in the aperture 39 and about the pin portion £8
of the needle valve 37. This increase in area
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results in an increased flow through the annular
obening at the orifice within the diaphragm 39,
and from this it will be apparent that an increase
in back pressure resulting in a decrease of dif-
ferential pressure is compensated for by an in-
crease in the flow area at the orifice, accomplish=
ing thereby, volume flow regualtion. In the out-
. ward movement of the: piston 45, the air: en-
traineq within the cylinder 3{a¢ is displaced to
the atmosphere through the opening 34b and the
rubber doughnut seal 46 serves to prevent hy-

10

draulic fluid within the system from passmg into -

the chamber 3ia past the piston 25.

The modified. form of the flow revulatorvvalw
shown in Fig. 3 comprises a main . body or block
50 having a threaded inlet connection 54 adapted
to receive the similarly threaded inlet fitting 52
which -also is provided .with the metering or
nozzle orifice 53 at its inner end. A needle valve
54 is reeciprocally mounted. within the body. 50
in axial alignment with the orifice 53 and has
a reduced diameter metering end portion.55 co-
axially disposed within the nozzle orifice 53. ''The
opposite end:of the needle valve 54 is provided
with a ball contact 56 and an intermediate por-
tion is provided with a pressure seal 57 to prevent
hydraulic fluid from passing through the body
portion- within  which the needle valve is mov-
able.

Within the valve body 58 there is a needle
valve chamber 58 surrounding the valve 54 and
providing direct communication from the inlet
52 of the body 59, past the nozzle orifice 53, and
direct communication with the threaded outlet
59. Within the body portion opposite the cutlet
59, and in communication with the valve cham-
ber 58, is a cylindrical passage or duct &8 com-
municating with a transverse duct 61, being closed
by the threaded plugs: 62 and 83, respectively.
Parallel to the passage 68 and: on the opposite
side of the valve body 58 there is a cylindrical bore
64 axially aligned with a larger cylindrical hore
85. "An adjustably threaded plug 86 closes the far
end of the enlarged cylindrical bore 65 within
which the conic cam §7 is adapted to be slidably
guided by the guide piston portions §8 and 69.

To the opposite side of the piston §9 there ex-
tends a connecting . or piston rod 78 at the end
of which is fixed a piston 71, of relatively smaller

“diameter than the guide pistons 68 and 69, to
slidably fit within the cylindrical kore. 84. The
piston 7{ carries a hydraulic seal, preferably of
the ring type at 12 to prevent fiuid under pres-
sure within the passages 60 and 81 exerted against
the end of the piston 7{ from passing into the

hore beyond the piston toward the guide piston

68. Small amounts of hydraulic fluid, however,
which may leak past the seal 72 are permitted
to drain out through the drain passage 53¢ which
also permits entrapped air displaced by the guide
piston 89 to pass to the atmosphere and thereby
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The operation of the modified form of the valve
shown in Fig, 3 is substantially the same as that
of valves 15 and 6, shown.in Figs. 1 and 2. - The
most essential difference in the operation of the
two valves lies in that the conic cam portion 87
of the valve of Fig. 3 operates within an air cyl-
inder rather than directly in the hydraulic fluid
stream as in the case of the conic cam 43. This
is accomplished in the Fig. 3 modification by pro-
viding the additional fluid passages 68, 61 and
84, causing the small plunger piston 11 to be
exposed to the system pressure. Another differ-
ence in-the operation of these two valves resides
in the provision of the straight cylindrical por-
tion 55 of the needle valve terminating in the
conic metering portions §5¢ and §5b, which causes
2 uniform metering over an extended portion of
the movement of the conic cam §7 and of the like
movement of the needle valve §4 while the cylin-
drical portion §5 is disposed within the orifice
B3; with an increasing rate of flow as the conic
end §8¢ is disposed within the orifice; and a
decreased rate of flow as the larger conic portion
55b nears the same orifice. The operation of the
modification of the valve of Fig. 3 is accordlnglv
as follows:

With the metering pin portion 55 disposed with-

in'the orifice 53 as shown in the figure, the rate .

of flow from the inlet 52 to the outlet 59 is of
an intermediate magnitude, and as the load upon
the hydraulic motor connected to the outlet 59
is increased and back pressure is created, it is
reflected through the passages 60 and §f into the
end of the bore 64 and against the end of the
piston 7i. This causes outward movement of the
piston 71 and the attached conic cam 67, guided
by the pistons 68 and 89, permitting the ball fol-
lower 56 on the needle valve 54 to move down-
wardly toward the axis of the conic cam 67.
Should the back pressure so developed become
sufficiently great, the outward movement of the
piston Ti and its attached components compress-
ing the spring 73 beyond a predetermined extent,
the needle valve 54 is permitted to move further
downwardly as the conic cam 6T moves outwardly
permitting - the conic end portion 584 to pass
downwardly across the restricted portion of the
orifice 53. “As the cross-sectional area of the re-
sulting opening increases, however, increased flow
passes through the orifice and the more heavily
loaded opposition to the hydraulic motor causing -
the back pressure is overcome by the additional

. fluid flow which maintains the desired rate of

65

relieve any pressures which might be developed

between the pistons §8 and 7i.

The opposite side of the guide piston §8is pro-
vided with an -extended stub. portion 68¢ which
serves to guide and retain the end of a com-
pression spring 13 which abuts at its opposite end
against the above-mentioned end plug 66 thread-
edly engaging the main body 58 at the threads
14. -The end plug 68 is also provided with a relief
opening 68a through which any entrained air
within the adjacent portion of the ecylinder 85
may be discharged to the atmosphere upon out-
ward movement of the conic cam 67 against the
compressmn spring 13
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movement of the moving parts of the hydraulic
motor and its accompanying load. Similarly as
the back pressure may again fall off, the spring
73 causes the conic piston to move inwardly again
as the pressure in the: bore 64 against the end
of the piston Ti is reduced and the straight cylin-
drical portion of the metering pin 55 -again be-
comes disposed within the orifice 53. As men-
tioned above, the air within the outer portion of
the cylinder 88 is displaced upon outward move-
ment of the conic cam §7 through the orifice 66a
and as the conic cam 67 returns in its. inward
movement, the air is permitted to return; and the
air ahead of the guide piston 69 'is then per mltted
to be relieved -through the vent passage 58a.

In the system shown in Fig. 1 in which the
pistons 24 and 25-are synchronized in their up-
ward strokes only, it will be cbvious that the re-
turn of the pistons to their retracted positions is
accomplished by adjustment of the distributing
valve 1{ to feed the hydraulic pressure fluids
from the conduit 9 into the conduits 23, 21 and
22 to the upper ends. of -the - cylinders and e~
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turning the same under unequal rates of travel
in view of their unequal loading, or in the event
they become unloaded at the end of their up-
stroke, they would be returned at equal rates of
travel. In such a situation, the hydraulic fiow
regulator in the lower part of the system acts
merely as by-pass valves and the fluid which is
forced from the lower part of the cylinder acts
to release the metering pin by forcing over the
cam on which it is sustained to permit the fluid
to be returned to the reservoir or accumulator,
and is merely a reversal of the original action of
the valve. The adjusting nuts 48 and 66 which
are incorporated in the respective modifications
of the valve, are utilized to adjust the spring
characteristics for specific applications in which
the valves are used and it is not necessary that
these nuts be adjusted once the spring has been
set. For example, should it be desired to use
the valves in a 3000 p. s. i. hydraulic system, the
spring will be adjusted by the taking up of the
nuts to the required spring resistance and once
having been so adjusted, no further calibration
will be necessary. Thus, identically adjusted
regulator valves will cause differently loaded
cylinders to be operated in unison. The valves
shown have been tested with loads varying from
150 to 800 pounds difference and it was found
that the two eylinders subjected to the different
loads moved uniformally when the hydraulic
flow at each cylinder was regulated by the pres-
ent valve.

As has been indicated above, in connection

ith the description of Fig. 1, when only two of
the hydraulic fiow regulator valves, such as 15
and {8, are incorporated in the system, the re-
turn movement of the pistons would not be in
unison. However, in applications where unegqual
lcads would be borne both on the outward and
inward strokes, it may be desirable to provide a
modification of the system shown in Fig. I.in
which an additional pair of flow regulator valves
28.and 29 would be provided in order to equalize
the return rates of movement also. Similar re-
sults, however, may be obtained by the use of a
dual type distributing valve in conjunction with
but one flow regulator -control valve for each
actuating cylinder.  In the latter system, this
would be accomplished by a dual-, or -a pair of

- simultaneously actuated-, distributing valves in- *

stalled on the actuating cylinder side of the flow
regulator valves and ported such that the flow
of the pressure fluid would always be through the
regulator valves in the same direction.

The present hydraulic actuating system and
the improved regulator valves have proven-a par-
ticularly efficient means for regulating the rates
of travel of hydraulic cylinders in a parallel
system such as the hydraulic landing gears of
airceraft, as well as the wing flaps and cow! jacks
used on airplanes. The present invention is
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not, however, limited to the actuation of these or .

other aircraft components, but enjoys general
applicability, being capable of use for example
as a flow regulator for sheet metal press cylin-
ders, as well as industrial and other applications
where either or both the outward and return
strokes of the pistons are desired to be synchro-
nized and controlled.

Other forms and modifications of the present
invention both with respect to its general ar-
rangement and the details of its respective parts,
which may become obvious to those skilled in the
art after reading the present description, are in-
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tended to come within the scope and spirit of
this invention as more particularly set forth in
the following claims.

T claim:

1. A flow regulator valve comprising a valve
body having inlet and outlet connections, a fiuid
passage extending between said inlet and outlet
connections, a cylindrical bore within said valve
body having one end of said.bore in communi-
cation with said fluid passage, a spring-opposed
conic camming piston axially movable within
said cylindrical bore in response to fluid pres-
sures developed in the region of said outlet con-
nection and transmitted through said fiuid pas-
sage 1o said open end of said cylindrical bore,
non-closable metering valve means including an
axially floating element operatively disposed
within said fluid passage on the inlet connec-
tion side of said fluid passage, said valve means
having an opposite terminal in sliding  contact
with said camming piston, said valve means
movable in response to movement of said cam-
ming piston whereby increased pressure in the
region of said outlet connection initiates move-
ment of said camming piston and further open-
ing of said metering valve means for the in-
creased flow through said fluid passage, said
camming piston and said metering valve means
each provided with fluid seals against said valve
body whereby said camming piston does not work
within the same system fluid being regulated by
said valve.

2. A flow regulator valve comprising a valve
body provided with an inlet connection and an
outlet. connection, a fluid passage extending be-
tween said inlet and outlet connections, a main
bore portion within said valve body, a supple-
mental bore portion having one end open to and
in axial alignment with said main bore portion,
the opposite end of said supplemental bore por-
tion bheing open to said fluid passage, a spring
opposed conic piston assembly having piston por-
tions. axially movable within each of said bore
portions in response to pressure at said outlet
connection, an axially movable needle valve ele-
ment reciprocable within a further bore portion
in said valve body between said inlet connection
and said main bore portion, said needle vaive ele-
ment having a pointed terminal porfion directed
toward said inlet connection and an opposite
cqntact portion in engagement with a conic
piston of said piston assembly in such manner
that said needle valve element is movable in
response to axial movement of said conic piston
assembly, said needle valve element having its
pointed terminal portion directed into the fluid
flow into said inlet connection in such manner
that said needle valve element is urged into
cqntact with said conic piston, and an orifice
§1§posed within said fluid passage adjacent said
1n1_et connection arranged to be regulated by
said needle valve element for increased fiow as
pressure within said outlet connection is in-
creajsed thereby initiating movement of said
conic piston portion and said needle valve ele-
ment, said conic piston assembly and said
qeedle valve element each provided with fuid-
tlg_ht seals against said respective bores whereby
sa.ld piston assembly is not required to operate
within the same system fluid being regulated by
the flow regulator valve.

3. In a flow regulator valve the combination
with & body portion having inlet and outlet ports
tpere.ln, a cylindrical bore within said bodv‘nor-
tion in commuhication with said inlet and out-
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let ports, a piston having a conic cam axially
movable within said cylindrical bore portion
under the influence of back pressure within said
outlet port and adjustable spring means for op-
posing the axial movement of said camming
" ‘piston, of an orifice in communication with said
inlet port and an axially floating needle valve
element having axially spaced conic portions and
an intermediate metering portion extendable
through said orifice and a further follower por-
tion in contact with the conic cam of said piston
whereby increased pressure
movement of said piston imparts opening move-
ment to said floating needle valve element and
increased flow through said orifice, said needle
valve element having a straight cylindrical por-
tion between its conic portions for the uniform
metering of the fluid over an extended portion
between its opening and closing positions.

4. A hydraulic flow regulator valve compris-
ing a body portion having inlet and outlet con-
nections, a cylindrical bore portion within said
valve body, a spring-opposed camming piston
axially movable within said eylindrical bore por-
tion, an axially floating metering element dis-
posed in a fluid passage extending between said
inlet and outlet connections, said floating meter-
ing element having axially spaced conic portions
adjacent a first terminal of said element, said
floating metering element having an opposite
terminal portion in contact with said camming
piston for axial movements upon movement of
said camming piston resulting from increased
pressures developed within said c¢ylindrical bore
portion, said floating metering element having a
straight cylindrical portion disposed between
said conic portions for uniform fluid metering
over an extended movement, an orifice disposed
wiithin said fluid passage for cooperating with

said floating metering element whereby increased . 4

pressure within said cylindrical bore portions
initiates movements of both camming piston
and said floating metering element for increased
flow through said fluid passage. . .
5. A flow regulator valve comprising a body
portion, inlet and outlet ports within said body
portion, a passage within said body portion in
communication with said inlet and outlet ports
and providing for fluid flow therebetween, a cy-
lindrical bore within said hody portion, a cam
member adapted for axial movement within said
cylindrical bore, a supplemental bore within said
body portion in axial alignment with and open to

10

initiating axial .

10

said first cylindrical bore portion, said supple-
mental bore being in fluid communication with
said fluld passage between said inlet and outlst
ports, said cam member having an atstached
piston portion axially movable within said sup-
plemental bore, adjustable resilient means op-
posing axial movements of said cam member
within said ecylindrical bore - initiated by pres-
sure actuated movements of said piston within
said supplementa] bore, an orifice disposed with-
in said valve body across said fluid inlet port, an
axially floating needle valve member having
axially spaced conic portions forming a meter-
ing end portion axially movable through said
orifice, said valve member having a straight cy-
lindrical intermediate portion for uniform meter-

- Ing over an extended movement, said needle valve

20
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having a follower portion held in contact with
said cam member by the fluid flow past said
ficating valve member in such manner that pres-.
sure actuated movements of said piston and like
movements of said cam members initiated by in-
creased pressure within said fluid passage causes
axial movement of said needle valve member
through its contact with said cam member for
adjustment cf said inlet orifice to permit in-
creased flow from said inlet port through said
fluid passage to said outlet port.

HERMAN HOLLAND.
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